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Skin fibroblas ts incorporated into a lattice of hydra ted col-
lagen contract it to fo rm a tissue-like structure. Fibroblas ts 
from patients w ith skin diseases, including psoriasis, epi-
dermolysis bullosa, and scleroderma, and from control 
subj ects, all showed a similar ability to contract the lattice. 
T he es tablished skin epithelial cell line N CT C 2544, mel-
H um an skin fi b roblas ts cultu red in a hydrated lattice of type I collagen appea r to be a m odel closer to th e livi ng dermis than any hi therto available [1] . T he rapid contrac tion of the coll agen lattice by the fib roblas ts to fo rm a tissue-li ke stru cture m ay be 
the equivalent of w ound contrac tion in vivo [2]. In. general, the 
co llagen concentratio n, and th e number o f cells p resent, deter-
mine the ra te of contraction [1], bu t so me categories of cells have 
a reduced capacity to contrac t lattices, na mel y, transfo rmed cells, 
tumor cells, esta blished cell lines [3], fib roblas ts fro m the skin of 
dermatos paract ic calves [4], and also fib ro blas ts fro m 2 patients 
w ith d ystrophic recess ive epidermolysis bullosa (EBDr) [5]. We 
have compared the ability o f fib roblas ts from several dermatoses 
to contract collagen lattices and looked at th e effect of flbronectin 
and hya luroni c acid (HA) on lattice contraction. 
MATERIALS AN D M ETHODS 
Cell Lines N CTC 2544 epithelial cells and 3T6 mouse fib ro-
blasts were purchased from Flo w Laboratories (Irvine, Scotland). 
Melano m a cells grown fro m a secondary melanom a were a gift 
fro m D r. J. Whi tehead , Department of Surgery, Welsh N ational 
School of M edicine, Cardi ff. Fib roblasts fro m Hurler's synd ro me 
and 2 lines of in fa nt fo reskin fibroblas ts w ere provided by Dr. 
A. Da in of the Roya l H ospital fo r Sick C hildren, E dinburgh. Skin 
fi broblasts fro m 2 patients with Werner's syndro me w ere kind ly 
provided by D r. F. M . Pope, N orthwi ck Park Hospital, H arrow , 
Eng land. O ther cell lines fro m no rm al subj ects and patients with 
vario us skin d isorders were established in our own labo rato ry as 
reported previously [6-9]. Cells were used between passages 3 
and 14. Monolayer cultures in plas tic Aasks w ere m aintained at 
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anoma ce lls, and 3T6 mouse fib roblasts produced little con-
traction . Contraction req uired the presence of serum and 
was unaffected by the addition of fibronectin (1 0-20 /-tg/mJ). 
Hyaluronic acid at 50- 500 /-tg/ml had no effect, but Con-
traction w as inhibited at 1 mg/ml. J Invest D enllarol 
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37°C in Dulbecco's m odifi ca ti on of Eagle's medium (D M E M ) 
supplemented with 10% fetal ca lf serum (FCS) , 4 mM glutamine, 
100 U / ml peni cillin , and 100 p.g/ m1 strepto m ycin (complete m e-
dium) (G ibco Li m ited , Paisley, Scotland). Media were changed 
3 times a week . 
Collagen Solution Coll agen w as extra cted from rat tail ten-
dons in 0.5 M acetic acid fo r 2 days at 4°C, then dialyzed against 
one-tenth strength DME M fo r 3 days, and centrifuged fo r 24 h 
at 10,000 rpm (Beckm an J A 10 ro to r) to cl ari fy and sterilize the 
solution [1 0]. T he coll agen solution was sto red at 4°C until re-
quired . T he coll agen co ntent was estimated g ravimetri ca lly to be 
approx imately 4 mg/ml. Experim ents with 2 EBDr fibroblast 
lines w ere repea ted usin g Vitrogen bovine skin collagen (Collagen 
Corpo ration, Palo Alto, Ca lifo rnia) . 
Collagen Lattices Latti ces were m ade by mixing together do u-
ble-streng th complete m edium , coll agen so lution , and th e fi bro-
blas t suspension, to give a fi nal collagen concentration of 1.2 
mg/ml . They were cast in 6-well bacteriologic-g rade plastic dishes 
(Flow Laborato ries, Irvine, Scotland) , w ith 2 mJ of the standard 
lattice mix ture containing (no minall y) 2.5 X 105 cells per 35- mm 
diam eter w ell. For assess ing the effect of serum on cont raction, 
the lattices w ere m ade by mixing double-s treng th serum-free 
medium, coll agen, and a suspension of fib ro blas ts; FC S w as added 
separately to give the required serum concentration . Six lattices 
were prepared with m os t cell lines and 2 additi onal aliquo ts of 
the latti ce mi x ture w ere di ges ted w ith co ll agenase (4 m g/m1) for 
accurate cell counts. ' T he di gests were centrifuged at 1000 rp m 
fo r 5 min , and the cell pell ets res uspended and cOllnted in a Coulter 
counter (Coulter Electroni cs). Cell vi ability w as determined by 
trypan blue exclusion . Latti ce diameters w ere m eas ured dail y by 
placing dishes on cm-squared g raph paper, on a light box, and 
th e mean o f th e diameters in 2 directions w as reco rded . 
[n some experiments human plas m a fibronectin (N ova Bio-
chemicals) and HA (Sigm a) were incorpo rated at va rious con-
centra tions in to the latti ce mi xture before plating. 
RES U LT S 
Fibroblas ts fro m normal human skin contracted the lattice by 
35-45% of the o riginal diam eter by 24 h, that is, to a diam eter 
of abo ut 20 mm fro m the o ri ginal 35 mm. Contrac tion then 
proceeded m ore slowly and ceased after a w eek (Fig ]) . N o con-
traction took place in the absence offibrobl as ts o r with fibroblas t-
conditioned m edium alone. The viability o f cells rem ained COI1-
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Figure 1. Time course of contraction of the collagen lattice by HSF 22 
(normal skin fibrobl as ts), EB14 (EBDr skm fibrobl asts), and NC T C 2544 
(human skin epithelial cells). Each point is a mean from 6 lattices ( ± SEM). 
sistently high at 97-99% throughout the course of an experiment, 
and there was only a small increase (25-40% ) in the number o f 
cells over a w eek, compared with monola yer cultures where the 
same cells might proliferate by 200- 300%. 
The concentration o f FCS affected the degree of contraction 
achieved by the cells. Without serum the cells remained rounded 
in the lattice, apparently unable to attach to the collagen fibril s. 
M any of the cells in lattices containing 1 % or 2% FC S were also 
unable to attach or spread out and no contracti on was observed 
at 24 h in lattices cast with 1 % FCS . Increasing the FC S from 
2%-10% enhanced contraction, but there was no difference be-
tween 10% - 20% FCS. Fibronectin at concentrations ofl0 p,g/ml 
and 20 p,g/ml and HA at concentrations between 50-500 p,g/ml 
did not affect contraction. A higher concentration ofHA (1 mg/ml) 
m ade the m edium more viscous and inhibited contraction . The 
morphology of the cells w as the same in all the cultures including 
those with 1 mg/ml HA. . 
Fig 2 shows a scatter diagram of the data from normal skm 
fi broblasts . D espite a slightly curvilinea r relationship there was a 
significant correlation between the number of cells in the lattice 
and the diameter achieved at 24 h (r = 0.6271 , P < 0.001) : con-
traction was greater with larger numbers of cells . There was no 
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Figure 2. Correlation between contraction at 24 h and number of ce lls 
per lattice. Normal skin fibroblasts (solid circles), r = - 0.627 11 , P < 0.001 
(regression line); EB skin fib roblasts (crosses) with regression line including 
EBDr values (dOlled circles). Data are also shown (opell circles)for malignant 
melanoma ct::ls (MM), 3T6 mouse fibroblasts, and NCTC 2544 human 
skin epithelial cells. 
COLLAGEN LATT ICE CON T RACTI O N BY EB FIBROBLASTS 545 
evidence that donor age « 1 yea r-70 years) or age in culture 
(passages 3-14) affected the ability of fib roblas ts to contract the 
latti ce. 
Lattices containing fibrobl as ts from several dermatoses w here 
metabolism o f the dermis is known or thought to be disturbed, 
including EB, pso rias is, and scl eroderm a, showed no significant 
differences in their contrac tion (Table I) fro m lattices containing 
similar numbers of normal fibroblasts set up simultaneously. Fi-
broblasts from self-healing squamous cell carcinoma lagged slightly 
at 24 h but had caught up at 3 days. Preliminary tes ts w ith fi-
broblas ts from a patient with Wern er 's syndro me had suggested 
a contraction defi ciency [11] but this was not confi rmed w hen 2 
furth er lines became avail able . Rheumatoid synovial cells caused 
slightl y slower contraction than did the skin fi broblas ts, and the 
cell lines included as nega tive controls, malignant melanoma, 
3T6, and N CTC 2544 produced little or no contraction as ex-
pected . A reg ress ion line fo r contraction at 24 h as a fun cti on of 
cell density for all 17 lines of EB fibroblas ts (Fig 2) confi rmed 
that they were not significantl y different from the controls and 
the dystrophic recessive lines were unexceptional within the EB 
gro up . A further set o f experiments with a different batch of 
collagen exa mined lattices at lower fibrobla st densities: aga in there 
w ere no clea r differences in contraction between those containing 
no rm al and EBD r fibroblas ts after 24 h. O ver several days , lattices 
containing fibroblasts from EBD r patients reached the same fin al 
di ameter as th ose from the control group: a representative ex-
periment is shown in Fig 1. Lattices composed of Vitrogen col-
lagen gave similar results with EBOr and control fi broblasts. 
D ISCUSSION 
The ability to contract coll agen lattices is a property of no rmal 
fib roblasts, which is impaired in tum or cell , transformed cell , and 
established cell lines [2,3]. There are 2 particul ar instances w here 
contracti on by skin fibroblas ts has been shown to be defi cient: 
fibroblasts from the skin of dermatosparacti c ca lves remain rounded 
in co llagen lattices and fa il to produ ce contraction [4]; and patients 
with Glanzm ann 's th ro mbasthenia have abnormal tissue repair 
and their fibroblas ts are also less effective at contracting the col-
lagen lattice [3]. In addition, Ehrlich et al [5] reported that fibro-
blas ts from 2 patients with EBDr shared this in vitro defect. We 
w ished to confirm this important observation-which might ex-
plain the poor wound hea ling reported by some patients-with 
fibrobl as ts from more patients, and also to test its specific ity. It 
seemed possible that fibrobl as ts cultured fro m other dermatoses, 
w here the dermis o r the fib ro blas ts themselves are abn ormal, 
would show a range of different abilities to produce contraction . 
Yet in contrast to the melanoma, 3T6, and epithelial lines in-
cluded as nega tive controls, fib roblas ts fro l11 abnormal skin were 
able to match the contractions achieved by normal skin fi bro-
blas ts, despite their va rying abnormalities in coll agen synthesis, 
collagenase produ ction, and glycosa minoglycan metabolism in 
vitro [6-9]. In particular, we could not confir m a contraction 
defect in fibroblas ts from patients w ith EBD r. Although we must 
always interpret results from small groups ca utiously, 6 lines of 
fibroblasts fro m patients with this rare disease seem an adeq uate 
number to compare w ith 14 lines of norm al skin fi bro blas ts. 
Ehrlich et al [5] noted that the fi broblas ts fro m their 2 patients 
with EBOr appeared more stellate in lattices and showed more 
crossing over in monolayer culture than norm al cells. We have 
not observed this abnormal morph ology in our EBDr lines, nor 
has it been reported by o ther auth ors using EBDr fi broblas ts 
[1 2,1 3]. It may therefore be unrepresentati ve of all cases of EBDr, 
a furth er exa mple of heterogeneity in this condition . Since our 
preliminary statement of these results [11] it has been reported 
elsewhere that a single line of EBOr fibroblas ts and a line of 
control skin fibrobla sts contracted latti ces of calf skin collagen 
equ all y [1 4]. 
Although Ehrlich et al [5) used pepsin-diges ted human skin 
collagen, thi s cannot explain the contras ting findin gs with EBDr 
fibroblasts, because the source of the collagen used to construct 
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Table I. Mean Concentrations of Collagen Lattices After 24 Hours 
Source of Fibroblasts 
Normal human skin 
Epidermolysis bullosa 
Dystrophic, recessive 
Simplex 
Dystrophic, do minant 
Junctional 
Psoriasis 
Lesional 
N onlesional 
Werner' s synd rome 
Scleroderma 
Morphea 
Hurler's syndrome 
Cu tis Iaxa 
Self-hea ling squamous cell carcinoma 
Rheumatoid synovium 
Malignant melanoma 
3T6 fibroblasts 
NCTC 2544 epithelial cells 
N o. of 
Lines 
14 
6 
6 
3 
2 
5 
3 
3 
2 
2 
1 
1 
Mean Diameter Mean Cell Density: 
(mm) 105 Cells per Lattice 
20.2 ± 1.0" 2.95 ± 0.37 
18.9 ± 1.0 2.49 ± 0.12 
20.8 ± 2.0 2.78 ± 0.32 
15.4 ± 1.4 2.40 ± 0.23 
25 .0 ± 6.1 2.40 ± 1.00 
20.2 ± 3.0 3.97 ± 0.89 
22.6 ± 4.2 2.63 ± 0.24 
21.0 ± 4.8 2.09 ± 0.13 
18.4 ± 2.4 3.40 ± 0.23 
17.8 2.00 
21.6 2.68 
16. 1 3.45 
27. 8 3.21 
29.5 ± 0.5 3.28 ± 0.71 
35 3.27 
35 1.87 
35 4.68 
'SEM based on numbers of cell lines; 3- 18 latti ces were studied per line. Lattices were initially 35 mm in diameter. 
lattices does not seem to inAuence their contraction. The con-
traction curves illustrated in previous work [1-4,14,15] are re-
markably similar, despite th e use of different collagens and 
preparative techniques, and in our hands EBDr and control fi-
broblasts behaved the same in crude collagen from rat tail tendon 
as in pepsin-treated bovine skin coll agen. 
Our results confirm that for a particular concentration of col-
lagen, increasing the number of cells results in g reater contraction. 
Increasing the concentration of FCS also en hances contraction, 
probably by stim ulating the cells with extra amounts of serum 
factors. The inhibitory effect of HA, at the high concen tration of 
1 mg/ml, is probably due to the absorption and trapping of water, 
the expulsion of which is essential for contraction to occur. 
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